In order to study the effect of inter-tissue correlations on the organogenetic capacities of various tissues of stem segments of Torenia fournieri Lind, different types of explants were excised and grown separately: epidermis, subepidermal parenchyma, epidermis plus subepidermal parenchyma but devoid of vascular tissue and stem segments devoid of epidermis.
Whereas correlations among different organs (e.g. buds, bracts, leaves, cotyledons, and roots) of an entire plant have frequently been studied (1-3, 11, 18, 19) , correlations within a single organ or among tissues of an organ fragment have received little attention.
In the histological study of neoformation from stem segments of Torenia fournieri in which the intertissue correlations remain intact, we showed (5) the epidermal origin of bud meristems and the endogenous perivascular origin of root meristems. The parenchyma tissue situated between the epidermis and vascular tissue shows no organogenetic activity in the context of the stem segment (5) .
It was thus interesting to see whether the epidermis of a stem segment, cultured alone, would conserve its budding capacity and to seek the culture conditions which would favor organogenetic expression in the subepidermal parenchyma. With these goals in mind, we cultured the following explants: epidermis alone, subepidermal parenchyma alone, epidermis plus subepidermal parenchyma but without vascular tissue, and the stem segment without epidermis.
MATERIALS AND METHODS
The different explants used were excised with a microscalpel from stem segments disinfected in a 5% calcium hypochlorite solution and washed three times in distilled water. The stem segments were taken from the youngest elongated internode of plants grown at 27 C in a 16 hr-daily light period. The culture medium was composed of macro-and microelements of Murashige and Skoog's (12) revised medium for tobacco to which were added thiamine (0.1 mg/ 1), myoinositol (100 mg/l), and sucrose (30 g/1). IAA and kinetin were added in variable concentrations specified for each experiment. The cytological techniques employed have been described in a previous paper (5 (Fig. 1, d , e, and f). These explants were capable of proliferation even when only one layer of parenchyma was present. However, the areas of epidermis with no subjacent parenchyma ( Fig. 1 d) (Table I) . Root neoformation is never observed is these zones in the entire stem segment.
(c) Directed Organogenesis. By varying the relative quantities of IAA cnd kinetin in the medium used, neoformation in these thin explants containing no vascular tissue can be directed towards the formation of buds only, roots only, or both buds and roots (Table I) . Thus, only buds are formed when IAA and kinetin are at the 1 fLM concentration (Table I) ; no root formation is observed. With IAA alone at 100 tM, only roots are formed (Fig. 6 , Table I ). With combinations of varied concentrations of IAA and kinetin, bud and root formation in differing amounts are obtained (Fig. 7) . These results confirm the role of auxin and kinetin in bud and root formation as first described by Skoog and Miller (14) .
Stem Segment Without Epidermis. The stem segment without epidermis forms a callus from superficial parenchyma tissue and roots from endogenous tissue (Fig. 8) . Budding does not occur even when a high concentration of kinetin at 100 ItM is present. However, if the epidermis is incompletely excised, buds appear in these areas.
Epidermis Excised from the Stem Segment and Replaced on the Same Segment. With the intention of keeping alive the excised epidermal strip and to demonstrate further its budding potentialities, already shown in the context of the stem segment, different methods of culture were tried. The epidermis was detached from the stem segment then replaced immediately, either directly or after intercalating a thin agar layer or a millipore paper (Fig. 1, b and c). The explant composed in this manner was then placed on the medium with the epidermis either on top or against the medium.
Bud neoformation, after callus formation, was observed after 5 weeks of culture but only in explants in which the epidermis, applied against the culture medium, was replaced directly on the stem segment or separated only by a thin agar layer. The buds were formed exclusively from the epidermis which was separated from the stem segment by a friable callus; Figure 9 shows a callus formed from an epidermal strip. The epidermal strips separated from the stem segment by a thin paper did not survive; those which were not applied against the culture medium dried up and died, whether in direct or indirect contact with the stem segment.
The bud-forming capacity of the epidermis excised and replaced on the same segment can thus be re-established, but it seems that direct or indirect contact with the subjacent parenchyma tissue is indispensable for the expression of this capacity. The principal physiological results obtained are outlined in Tabe II.
CELLULAR ANALYSIS
The physiological study showed that depending on the IAAkinetin equilibrium in the medium, explants composed of epidermal and a few subepidermal cell layers were capable of forming buds only or roots only. A cellular study of these two types of de novo organogenesis was carried out in order to determine the participation of epidermal and subepidermal tissue. At the moment of excision of the explants, no meristematic areas were observed (Fig. 10) .
Buds Exclusively of Epidermal Origin. On the 3rd day of culture, while the parenchyma cells begin to divide, the epidermal cells show meristematic characteristics, i.e. large nucleus, and cytoplasmic and nuclear staining with pyronin. On the 4th day, some epidermal cells show an anticlinal division and both daughter cells have a periclinal division (Fig. 11, pd) .
After 5 days, the cytological processes already observed are accentuated. A growing number of periclinal divisions are observed in the epidermis and in places four or five layers of flattened ce ls are formed (Fig. 12) . From 6 to 8 days, these activation zones undergo intense cell division (anticlinal. periclinal, and ob'ique) giving rise to the formation of a group of small meristematic cells which form a dome at the epidermal surface (Fig. 13) . These groups of meristematic cells become visible under the binocular microscope as meristems after 15 days of culture (Fig. 14) . Two meristems are sometimes observed side by side (Fig. 15) .
Meristematic Zones of Subepidermal Origin. Whereas bud formation exclusively of epidermal origin occurs most frequently, in some cases the subjacent parenchyma seems involved in the origin of meristem formation. Figure 16 shows a group of meristematic cells with a high nucleoplasmic ratio formed from division of one subepidermal parenchyma cell.
The evolution of these meristematic cells is illustrated in Figures 17 and 18 . Many of these cellular groups do not seem to develop into buds (Fig. 19) .
Buds of Epidermal and Subepidermal Origin. The formation of these buds follows the same general pattern as that of buds exclusively of epidermal origin except that the cell divisions take place in subepidermal parenchyma cells as well as epidermal cells (Fig. 20) . After several mitoses, groups of small meristematic cells form, which eventuallv become structured as bud meristems (Fig. 21) (Fig. 21) . Thus, explants devoid initially of vascular tissue grown on a medium which stimulates bud formation only show, after 2 weeks of culture, three distinct zones (Fig. 21) : a superficial zone composed of cells originally in the epidermis or subepidermal layer from which bud meristems (m) arise, a median zone occupied by parenchyma and many newly differentiated vascular elements (v), and an external zone of scar tissue (sz).
Formation of Root Meristems. Numerous divisions are observed after 3 days of culture in the basal parenchyma layer placed against the medium (Fig. 25) . After 5 days, these divisions extend to the next few layers all along the fragment on the wounded zone; several new cell layers are thus formed. Division, first anticlinal, then periclinal, produce small groups of meristematic cells sometimes almost contiguous, later forming the root meristems which, at 7 days, already have a well formed root cap (Fig. 26) . Numerous roots (10) (11) (12) (13) (14) (15) are often observed on the same explant (Figs. 27 and 28 ).
DISCUSSION AND CONCLUSION
After regulating organogenesis in stem segments (4-6), we were able to control organogenesis more precisely and to a finer degree from tissues excised separately from organ segments. Apart from single cell cultures, we do not know of another example in the literature of proliferation and organogenesis from culture of one tissue composed of a single cell layer as differentiated and as homogeneous as the stem epidermis of Torenia fournieri. However, in our experimental conditions, the epidermis only demonstrates its budding capacities if it is in direct or indirect contact with the original stem segment or if it is accompanied by at least one layer of subjacent parenchyma cells. Without this contact, the epidermal cells die.
Whereas the epidermis, normally capable of bud formation, does not proliferate if grown alone, the opposite is observed in subepidermal parenchyma tissue. Normally mitotically inactive in a stem segment, when isolated from epidermis and vascular tissue, it is capable of cell division and root organogenesis.
We have shown that a small number of subepidermal layers covered by the epidermis and separated from vascular tissue have budding and rooting capacities. Similar results are observed in analogous explants in Nautilocalyx (15) and Nicotiana tabacum (16, 17) . However, in Verbascum (7) (11) . Also, the inhibitory effect of a whole plant on the organogenetic capacity of its undetached organs (leaves of Begonia and Nautilocalyx, stem and leaf of Torenia, floral shoot of tobacco, etc.) is similar to that exercised by one tissue on the organogenetic expression of a neighboring tissue in the same organ fragment.
An organ detached from the plant and the explant excised from an organ fragment, once freed from the inhibitory correlations of their original context, acquire a new physiological equilibrium which allows them to express their latent capacities. However, for tissue explants, a defined hormcnal --r.nort is often required for the organogenetic expression of those i11i-tially masked potentialities such as in Nautilocalyx (15), carrot (9) , pine tissue (10), Verbascumn (7) , and the classic example of tobacco pith tissue (8, 13). 
